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(54) Method of recycling and granulating waste container made of resin materials 



(57) The thermoplastic resin waste containers are 
crushed into coarsely crushed pieces, an impact-grind- 
ing force and a centrifugal force are applied on the 
coarsely aushed pieces so that oily foreign objects be 
separated: i.e., the oily foreign objects are separated by 
the impact force and the grinding force. The difference 
in the centrifugal force separates the resin from the for- 
eign object, the centrifugal force on the resin pieces 
being controlled by the inpact-grinding force, while the 
centrifugal force on the oily foreign otsject is free from it. 
In the course of this process, the crushed pieces to be 
treated are formed into granules by the impact-grinding 
force, and the granulated granules are reused as a resin 
material. Foreign objects other than oils can be sepa- 
rated arxi removed more easily than oils. 
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Description 

BACKGROUND OF THE INVEhfTION 

1. Field of the Invention 

The present invention relates to a method of recy- 
cling and granulating waste container made of thermo- 
plastic resin materials. 

In more detail, this invention relates to treating 
waste containers made of thermoplastic resin materials 
(hereinafter also called "resinous containers'* ). which 
are used in an enormous number edible oils such as 
tem-pura (deep-fried fish and vegetables) oil, sesame 
oil. aixj salad oil; for viscous fluids such as Worcester 
sauce. /n/r/n(sweet sake as seasoning) and dressings 
(hereinafter called "containers for viscous fluids" ); for 
various types products such as beverages, shampoo, 
detergents, eye lotion, vinegar, soy sauce, sake, and 
beer;wherein metal parts are removed from the waste 
resinous containers; the resin part is shredded in a 
broader sense crushed into small pieces ; foreign 
objects including residual contents such as oils, viscous 
fluids, beverages and other products for daily use as 
well as foreign matters such as rain water, dew, mud, 
soil. sand, and dirt dung adhering small pieces to the 
coarsely aushed pieces are separated and removed; 
each type of reusak)le resin materials is separated, recy- 
cled and granulated; thus, this invention relates to a 
method for recycling and granulating reusable resin 
materials. Also, the recycled granules are further granu- 
lated into more uniform grain sizes, which are directly 
molded into products such as fibers and other forms of 
products, or into pellets; tiius, the present invention 
relates to the metiiod for implementing all of these proc- 
esses. 

Resinous containers mentioned above include bot- 
tles made of resin materials such as polyester (polyeth- 
ylene terephthalate or PET, hereinafter called 'PET 
bottles" ), polyethylene (hereinafter called "PE bottles" ). 
and poly(vinyl chloride) or PVC (hereinafter called "PVC 
bottles" ). 

2. Description of the Prior Art 

The resinous containers mentioned above (herein- 
after simply called "containers " ) such as PET t>ottles 
are used to contain oily products, viscous fluids, bever- 
ages, and other types of products for daily use. Recent 
development of stretch-blowing technique made it pos- 
sible to produce less expensive and high-performance 
PET tx>ttles. which has resulted in an enormous number 
of discarded waste corrtainers. The total weight of waste 
PET bottles is said to be 10.000 tons per month in 
Japan; consequently, recycling of waste PET bottles 
has become a social demand. 

Such waste stretch-blown containers (hereinafter 
simply called "waste containers" ) made of poly(viny1 
chloride) (PVC). polyester (PET), and polyetiiylene (PE) 



are discarded after consumption of the contained prod- 
ucts, the discarded bottles are contaminated with for- 
eign matters such as mud. soil. sand, and dirt. 
Conventionally, these contaners have been collected, 
5 washed with water to remove the foreign objects, dried, 
crushed, and recycled into iibers or blow-molded piles 
for the replacement of wood. 

These containers are resistant to water, weather, 
and corrosion; also PVC, in particular, generates a large 
ic amount of harmful gas and smoke when incinerated to 
disrupt the environment Further, the melted resin mate- 
rials stick to the furnace wall to spoil the furnace. To 
solve these prot>lems. those waste containers are being 
used for a landfill, wherein the waste resin remains 
IS uncorroded over an extended period, they appear to 
present another factor for environmental disruption. 

On the other hand, such resin materials will yearly 
be exhausted due to resource depletion, and it is now 
demanded and recognized that ttie post-reuse resin 
20 materials must be recycled without disposal. 

Conventionally, the waste containers have been 
washed with water for removal of the foreign objects and 
processed for recycling. The process includes washing 
and drying, requiring a large amount of water and a 
25 large equipment. 

In particular, oily materials such as tem-pura oil. 
sesame oil, and salad oil are harder to separate from 
the waste container, compared with other materials; 
e.g.. washing with water could hardly remove these for- 
do eign objects and special detergents had to be used. 
Washing harmful materials such as surfactants with 
water contaminated rivers and had to be neutralized 
before draining, adding additional high costs of facility 
and operation. 

35 Viscous fluids such as Worcester sauce, dressing, 
and mirin are easier to separate than the ones above 
mentioned oily materials, while tiie viscosity sometimes 
has caused troubles in washing off these materials by 
water. 

40 Other products such as beverages, shampoo, 
detergents, eye lotion, vinegar, soy sauce, sake, and 
beer than the above mentioned oily or viscosity ones 
may be purified by water, while some of tiiese products 
contain harmful ingredients such as a detergent which 

45 must be neutralized before draining and added high 
costs to facility and operation. Most of the waste con- 
tainers have been discarded witiiout recycled, because 
of tiiese prot)lems caused by the difficulties in washing, 
added high costs in facility and operation, and waste of 

50 a large amount of water and energy resources. 

The present invention is to solve these problems 
providing a method for separating and removing foreign 
objects such as the residual content, mud. soil. sarKi, 
and dirt from the containers to be treated, efficiently 

55 recycling and granulating the resin materials into a spe- 
cific range of size, in a relatively simple manner. 
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SUMMARY OF THE INVENTION 

The present invention is to solve theses problems, 
providing a method to separate foreign ot)jects from 
waste resinous containers and to recycle resin materi- s 
als, 

comprising at least the following steps: 

a process to shred waste containers with printed 
plastic films into small pieces to be treated 82; a io 
process to separate and remove the film by a suck- 
ing force of wind; 

a process to apply an impact^rinding force to sep- 
arate foreign objects from the resin material, granu- 
late the resin material as recovered resin materials; is 
and further coniprising: 

a process to crush the container into the coarsely 
aushed pieces 81 before the shredding process 
into a plurality of crushed pieces 81; and further 
including following process: 20 
a process to apply an impact-grinding force and a 
centrifugal force to the coarsely crushed pieces 81 
to separate the foreign object from the resin mate- 
rial; and comprising process including following 
steps in addition to the above process: 25 
a process to shred the coarsely crushed pieces 81 
into small pieces to be treated 82; and further com- 
prising: 

an object is container made of thernrx)plastic resin 
materials coupled with a skirt underneath ; by apply- so 
ing an impact-grinding force to said shredded small 
pieces to be treated composed of a main body and 
a skirt to separate foreign objects and to dean and 
dry; further by applying said impact-grinding force 
to further pulverize for granulation said skirt to col- 35 
lect the resin material as recovered resin materials, 
and to separate and classify the granulated resin 
materials of said main tx)dy; and further compris- 
ing: 

said object is container made of thermoplastic resin 40 
materials coupled with a flanged screw portion; 
by applying an Impact-grinding force on shredded 
pieces of said main body and screw portion to sep- 
arate foreign objects, to granulate, clean and dry 
said resin materials; the resin material of said 45 
flanged screw portion is separated by specific-grav- 
ity selection in a water; and the resin materials of 
said main body and said flanged screw portion are 
recovered separately as recovered resin material. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and advantages of the invention will 
become understood from the following detailed descrip- 
tion of preferred embodiments thereof in connection ss 
with the accompanying drawings in which like numerals 
designate like elements, and in which: 

FIG. 1 is a systematic illustration of embodiment 1 , 



showing a fundamental principle of the process of 
this invention for recycling and granulating the resin 
material. The object waste containers processed by 
the method of this embodiment basically include 
the container without a skirt nor other accessories, 
the container with a skirt and other accessories 
such as a cap and a screw portion, and without a 
label having printed layer such as trademarks etc.. 
however, made of the same type of resin as the 
main body of the container; 
FIG. 2 is a systematic illustration of embodiment 2. 
showing a fundamental principle of the process of 
this invention for recycling and granulating the resin 
materials. The waste resinous containers proc- 
essed by tiie method of this emkxxiiment basically 
are the waste containers excluding those in embod- 
iment 1 , such as those with a cap, a screw portion, 
a main k>ody. and a skirt, at least one of which is 
made of a different type of resin material, as well as 
those with labels; 

FIG. 3 is a conceptual and schematic representa- 
tion of each process of crushing and wind-force 
separation; 

FIG. 4 is a schematic representation of a vertical 
sectional view of a device used in other emtxxJi- 
ments of the crushing process; 
FIG. 5 is an illustrated systematic processes for 
shredding, cleaning, drying, separation, classifica- 
tion, and granulation; 

FIG. 6 is an entire diagonal view of a cutter mill 
(shredder) used in the shredding process of tiiis 
invention; 

FIG. 7 is an illustrated vertical section of a polish- 
ing/granuiating device used in tiie same embodi- 
ment; 

FIG. 8 is a front view to explain the polishing/granu- 
lating/size-regulation functions shown in FIG. 7;. 
FIG. 9 is a diagonal view dutiining a separator used 
in cleaning/separation/granulation/size-regulation 
of this invention; and 

FIG. 10 is a whole view showing main parts of the 
device of this invention.separating materials by 
specific-gravity difference. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Waste containers to be objected 

In the mode of embodying the present invention, 
waste PE bottie used for oily products such as tem-pura 
oil. sesame oil. and salad oil was taken up. which prod- 
ucts are the most difficult to separate and granulate; 
and as long as the method of this invention can sepa- 
rate and remove these oily products to recycle and 
granulate the resin material, other containers used for 
other products than the foregoing are easier to handle. 
Thus, all the waste PE bottles for viscous liquid products 
such as Worcester sauce, dressing, and mirin as well as 
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for various products such as beverages, shampoo, 
detergents, eye lotion, vinegar, soy sauce, and beer can 
also be the object of waste containers. 

The resin materials of the object waste containers 
include polyethylene (PE). polyester (PET), and s 
poly(vinyl chloride) (rigid PVC). A residual content as 
well as foreign matters such as mud. soil. sand, and dirt 
are remaining on the surfaces of these bottles. 

The bottles have various shapes and structures, 
and are made of various types of resin materials. Types 10 
of the waste containers include: 

(1) bottles with or without a skirt underneath 

(2) bottles with a cap made of metal or plastic on 
top 15 

(3) bottles with a screw portion to tighten the cap, 
the main body, and a skirt, which are made of either 
different resin materials or the same resin. 

(4) resin materials is transparent or colored 

20 

In the mode of erhbodying the present invention 
most efficiently, it is preferable to use the optimized 
processing conditions and/or to select the optimum 
combination of the processes according to the types of 
residua! content and resin materials used in various 25 
parts of the bottle. 

Basically, the object waste bottle of FIG. 1 is a bottle 
without a skirt nor a printed label showing trademarks 
and etc.; and a bottle with a skirt and without a printed 
label wherein the cap. the screw portion, the main body, 3o 
and the skirt are made of the same resin material. The 
cap is removed from the bottle and is discarded if It is 
made of metal, most of the residual content is dis* 
carded, and the cap, the screw portion, the main body, 
and the skirt are processed together through sorting, 35 
crushing, shredding, cleaning, separating, classifying, 
and granulating processes if all these parts are made of 
the same resin material. 

As an embodiment . a recycling method and proc- 
esses for recycling PE from PE t)ottle are explained 40 
be\ow referring to FIG. 1 ; wherein the residual content is 
salad oil. 

Sorting process 

45 

Bottles are sorted according to the resin types. PE, 
PET, or PVC in this process (FIG. 1 shows PE and PET 
only, but the object resin materials are not confined to 
these), and also to color/transparency. 

Colored containers shoukJ preferably be further so 
classified into different colors. 

Crushing process 

The PE bottles classified as above Sorting process ss 
are shredded or crushed in a broader sense into 
coarsely crushed pieces 81 using a aushing means 
110 shown in FIG. 2. A preferable size of the coarsely 
crushed pieces obtained is. for example. 15 mm X 50 



mm. 

The crushing means is to crush the object to be 
crushed into pieces of a suitable size, and is called a 
"crusher" in this emtxxjiment FIG. 3 shows an embodi- 
ment of this "crusher" . 

Crusher 1 10 has an upper feeding inlet port to feed 
the material, two parallel counter-rotating axis in the 
main body of the ausher, a plurality of rotary blades at 
a specified interval on each axis, three fixed blades 
intermeshing with the rotary iDlades at the circumferen- 
tial loci and inclined by the same angle. These fixed and 
rotary blades shreds the bottle into coarsely crushed 
pieces of a suitable size. 

The waste txrttle is fed from the inlet port, the rotary 
blades push the waste bottle inward by the intermesh- 
ing blades which shred the bottle continuously by a 
shearing force, a compressing force generated l>etween 
the the intermeshing tjlades aushes and shreds the 
bottle into coarsely crushed pieces 81. Residual salad 
oil is still stuck to the surface of the coarsely crushed 
pieces 81. 

The crushing means used in this invention is not 
confined to those mentioned above: e.g., other crushing 
means such as Gynax-Crusher manufactured by Horai 
Ltd., Roll-Crusher by Nara Machine Works. Ltd.. as well 
as other crushing means such as mono-cutters, shred- 
ders, and other types of ausher can be used. 

As shown in FIG. 4. the aushing means has two 
aushers 110 placed at two stages, upper and lower, to 
aush the object twice Increasing the capacity greatly 
and decreasing the processing time. More details are 
explained in the embodiment associated with FIG. 2. 

Shredding process 

This process can be omitted when waste container 
to be objected used only for an oily product, a viscous 
fluid, and other type of liquid and may be applied if 
required. Coarsely aushed pieces 81 produced in the 
aushing process are further shredded smaller into 
small pieces to be treated 82 using a shredder shown in 
FIG'S 5 and 6. Small pieces to be treated 82 is, for 
example, a tong square of approximately 2 mm X 15 
mm. a square of approximately 10 mm X 10 mm, or a 
pieces with no specific shape with a side of approxi- 
mately 10 mm or smaller At this point residual salad oil 
is still on the surface of the small pieces to be treated 82 
as well as the above mentioned crushing process. 

The shredding means is to shred the coarsely 
aushed pieces 81 into small pieces to be treated 82. 
and is conveniently called a "cutter-miH" in this emlxxli- 
ment. The cutter-mill 120 has an inlet port to feed the 
coarsely aushed pieces 81. a cutter-supporter with 
rotary blades on its circumference, and a fixed blade in 
the main body with a suitat)le clearance from the rotary 
blades. More details of cutter-mill 120 are explained in 
the emtKXiiment associated with FIG. 2. 

The clearance used in this embodiment is 0.2 
through 0.3 mm. The coarsely crushed pieces 81 which 
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are aushed by the above mentioned crusher 1 10 into a 
size of 1 5 mm x 50 mm are fed to the inlet port of cutter- 
mill 120 and shredded between the rotary and the fixed 
blades and almost all pieces are granulated and size- 
regulated into a size of approximately 2 mm x 15mm 
with unspecified shapes and areas, which can pass 
through the screen. Then, the small pieces to be treated 
82 are discharged from the outlet port to transfer to the 
next process. 

Cleaning/ Drylng/Classif icationA3ranulation Process 

An impact-grinding force and a centrifugal force are 
applied to the coarsely aushed pieces 81 crushed by 
the above crushing means or the small pieces to be 
treated 82 shredded in the Shredding process as 
required. According to the present mode of embodiment 
in shredding the crushed piece 81 into the small pieces 
to be treated 82, a grinding force and an impact force, 
mainly the latter impact force separates a part of the 
r sidual salad oil or other foreign objects on the surface 
of the coarsely crushed pieces 81 . and further a centrif- 
ugal force readily separates the residual salad oil from 
the coarsely crushed pieces 81. The impact force 
exerted onto the coarsely crushed pieces 81 acceler- 
ates the separation of the residual salad oil. while the 
impact force controls the centrifugal force on the same 
resin piece 81 to a certain extent. On the other hand, 
the centrifugal force on the residual salad oil are hardly 
controlled and thrown away the salad oil more rapidly 
outward and then, easy separation and cleaning are 
facilitated. Further, the friction heat generated l^y the 
impact force increases the temperature of the residual 
salad oil to further accelerates the separation. In case a 
combination of an impact force and a grinding force 
crushes the coarsely crushed pieces 81. and also 
accelerates separation of the residual salad oil and a 
centrifugal force pushes out the residual salad oil from 
the coarsely crushed pieces 81. The coarsely aushed 
pieces 81 of PE bottles are centrifuged at 1600 through 
1800 rpm for about 10 through 12 minutes. The 
coarsely crushed pieces 81 are crushed by a combina- 
tion of an impact force and a grinding force into small 
spheres having a diameter of about 1 through 4 mm. 
which are further granulated and size-regulated, and 
polished into uniform grains. PE resin naturally forms 
spheres when an impact-grinding force is applied to PE 
t>ottle. Foreign ot^jects other than oily products are sep- 
arated from PE bottle coarsely crushed pieces by apply- 
ing a centrifugal force at a revolution speed of 800 
through 900 rpm for 5 through 6 minutes, and the pieces 
are granulated and size-regulated, and the grains are 
polished into a uniform size. Residual oily products were 
insuff icientiy separated by a centrifugation for 5 through 
6 minutes, while they could be efficiently separated by a 
prolonged centrifugation. 

Incidentally, a batch size depended on the revolu- 
tion speed, presence of air, and temperature. According 
to the present embodiment, a 60 kg batch was proc- 



essed for 10 minutes, and the final level of the residual 
salad oil was deaeased to 0.1 percent by weight after 
granulation, polishing and recovered. This level is suff i- 
dentiy low and without a problem because, usually, an 

5 oily material of that level is added to PE resin together 
with fillers when tine resin is actually processed. 

When an impact-grinding force and a centrifugal 
force is applied to the coarsely crushed pieces 81 and 
small pieces to be treated 82 . a compressed air of 

10 approximately 5 kg/cm^ should preferably be blasted 
onto these coarsely aushed pieces to facilitate separa- 
tion of the residual oily product. More preferably, ttie 
compressed air should be preheated to increase the 
eff icientiy 

15 The means for cleaning/separation/dassifica- 
tion/granulation separates and removes the foreign 
objects from the coarsely crushed pieces 81 and small 
pieces to be treated 82 ; and crushes, cleans, and gran- 
ulates the resin material from the main body of tfie 
so waste container; and polishes to recycle the resin mate- 
rial. The means is conveniently called a "separator' in 
this emt30diment. 

Referring to FIG'S 7 and 8. separator 130 has an 
inlet port 132 to feed the coarsely crushed pieces 81 
25 and small pieces to be ti-eated 82 (hereinafter explained 
as the small pieces to be treated 82) at tiie center of a 
fixed disk 131: the fixed end plate 133 faces tiie fixed 
disk 131 with a processing space 155 between them; 
and the circumferential side plate 135 fixes the circum- 
30 ferential fringes of the fixed end plates 133 to tiie fixed 
disk 131 . The processing space 155 has a movable disk 
141 driven by a horizontal rotary axis 142, and the hori- 
zontal rotary axes 142 are supported by tiie bearings 
143.143. Tlie horizontal rotary axes 142 are driven by a 
35 rotating means which are not shown. 

The fixed pins 134 are placed in a row on concen- 
fric lod a (FIG. 8. relative to the mobile disk 141) on ttie 
fixed disk 131; tiie mobile pins 144 are placed alter- 
nately on different lod b from the loci of tiie fixed pins on 
40 ttie nrK3bile disk 141; and tiie fixed pins 134 and tiie 
mobile pins 144 are positioned to generate an impact- 
grinding force between the two types of pins, which 
forces are used to aush and polish the small pieces to 
be ti-eated. A screen 151 with punched holes of a spec- 
45 if ied size is put on the circumferential side of the mobile 
disk 1 41 . the discharge space 1 56 separates tiie screen 
from the drcumferential side plate 135. and the dis- 
charge port 152 is positioned under the discharge 
space 156. A blower 157 is positioned at tiie outlet port 
50 152 as shown in FIG. 7. The mesh size of the screen 
151 in this embodiment is 1 mm in diameter, while a 
screen size of not larger than 1 mm is normally prefera- 
ble, and 0.7 mm is the most preferable. 

An outlet port 153 is positbned in the lower part of 
55 the saeen 151. and a plug valve 154 is placed at tiie 
outlet port 153 to control tiie opening. A communicating 
blower 158 is placed in tiie outiet port 153 as shown in 
FIG. 1 to suck the air in the separator 130, the outiet 
port 153 is connected to tiie inlet port 132 through ttie 
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biowerlSd. 

With an increased clearance between the fixed pins 
134 and the mobile pins144, the grinding force on the 
small pieces to be treated 82 is deaeased. while an 
decreased clearance increases the grinding force. A liq- s 
uid foreign object on the small pieces to be treated 82 
requires an adjustment of clearance to decrease the 
grinding force and to increase the impact. The clear- 
ance should also be adjusted according to the grain size 
of the recovered resin materials to be polished and size- io 
regulated. 

Referring to the separator 130. the mobile disk 141 
is rotated with the horizontal rotary axis 142 by means 
of an unillustrated driving means, and the small pieces 
to be treated 82 fed from the Inlet port 1 32 are crushed, is 
polished, and granulated and size-regulated in a center 
portion of a processing area155; and approach the cir- 
cumferential side by the impact-grirKlIng force gener- 
ated between the fixed pins 134 and the mobile pins 
144. During this process, the impact applied on the ^ 
small pieces to be treated 82 accelerates the separation 
of the residual salad oil, which is pushed outside by the 
centrifugal force, the impact force controlling the centrif- 
ugal force on small pieces to be treated only. The friction 
heat generated by the impact-grinding force increases 2S 
the temperature of the salad oil on the surface of the 
small pieces to be treated 82. which further factiitates 
the separation. PE of PE bottle naturally forms spheres 
as Hs property, which are polished into a granules hav- 
ing diameters of about 1 through 4 mm. The separated 3o 
salad oil and a part of the small pieces to be treated 82 
pass the screen 151 pushed by the centrifugal force 
generated by the mobile pins 144. are classified in the 
discharge space 156, and are sucked and discharged 
through the outlet port 1 52 by the blower 1 57 (FIG. 5), 35 

On the other hand, the granulated and size-regu- 
lated resin materials 83 remains on the screen 151 as 
larger spheres. Some salad oil still remains on the 
larger granulated resin materials 83, and some salad oil 
separated from the small pieces to be treated 82 sticks 40 
to the granulated resin materials 83 when the latter 
passes through the screen. With the plug valve 154 
open, the discharge port 153 and the inlet port 132 are 
communicated through the blower 158 (FIG. 5); the 
granulated resin materials 83 taken out of the outlet port 45 
153 is returned to the inlet port 132; and the recovered 
granulated resin materials 83 is crushed, polished, and 
granulated and size-regulated again. The salad oil 84 
remaining on the granulated resin materials 83 are sep- 
arated by a centrifugal force, the recrushed granulated so 
resin materials passes through the screen 151 , and are 
discharged through the discharge port 152. Although 
the granulated resin materials 83 are returned to the 
inlet port, the mosX part thereof remains on the screen 
151 without being crushed into smaller ones to pass the ss 
screen. The deaning/separating/classifying/granulation 
processes can be repeated until the salad oil on small 
pieces to be treated 82 in the batch is completely sepa- 
rated and discharged through the discharge port. 



The recycled PE resin in the form of granulated and 
size-regulated grains are taken out through the outlet 
port 153 by opening the plug valve 154. 

In place of or in addition to the blower 158. com- 
pressed air can be introduced into the processing space 
155 of the separator 130. and the large granulated resin 
materials 83, which remain on the saeen 151. can be 
returned to the inlet port through a hole on the fixed end 
plate 133 and the pipe. 

The recycled resin material can be raked out from 
the outlet port, or can be automatically collected in the 
collecting tank 240 as shown in FIG. 9. The latter case 
Is explained in the next emlxxliment. 

Refenring to FIG. 9. two separators 230a and 230b 
are placed at symmetrical positions so that they can be 
rotated using the same driving means; each separator 
230a or 230b is to feed the processed coarsely crushed 
pieces 81 (or 82) to the inlet port 132a or 132b through 
the feeding tube 231a or 231b. Since the two separators 
230a arxl 230b have the same structure, the function is 
explained using the separator 230a only Separator 
230a connects the outlet port 153 for the resin material 
with the feeding port 132 through the communicating 
pipe 235, and connects the piping 236 from the unillus- 
trated compression air supply source with the outlet port 
side of the communicating pipe 235. A ftow-regulating 
plate is placed at the communicating portion of the pip- 
ing 236 to make the compressed air f fow mainly toward 
the inlet port 132. The communicating pipe 235 is 
branched on the side of inlet ports 1 32a and 1 32b and a 
branch pipe 237 is attached to communicate with the 
recovery tank 240; and a three-way solenoid valve 238 
is placed to switch the rout at pre-determined time using 
a timer at the branch point of the branch pipe. The dis- 
charge port 152a or 152b of each separator 230a or 
230b communicates with the collecting tank 250 
through the discharge pipe 239; the foreign object pass- 
ing through the screen 151 (FIG. 7) can be sucked by 
the t^ower 157 placed in the discharge pipe 239 to dis- 
charge to the collecting tank 250. 

The separators 230a and 230b are activated by a 
driving means; the downstream side of the communicat- 
ing pipe 235 is opened by the three-way solenoid valve 
238 and the branch pipe side is closed; compressed air 
is fed from the piping 236 to the communicating pipe 
235; and thus a circulating air stream generates pres- 
sure in the communicating pipe 235. the inlet port 132. 
the processing space 155, the outlet port 153. and 
again in the communicating pipe 235 in succession. 
When a batch of the coarsely aushed pieces 81 (or 
small pieces to be treated 82) is fed to the inlet port 
132a and 132b through the feed pipe 23la and 231b. 
the salad oil separated from the coarsely crushed 
pieces 81 (or small pieces to be treated 82) in the sepa- 
rator 230a and 230b passes through the screen 151 by 
the blower 157 and is discharged to the collecting tank 
250. On the other hand, the granulated resin materials 
83 remaining on the screen 151 in a form of granules 
are sucked to the communicating pipe 235 by a circulat- 
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ing air stream, sent to the processing space 155 again, 
processed in the separators 230a and 230b: and the 
cycle is repeated until most of the residual salad oil in 
the batch is separated and removed as required. After 
the processes, the downstream side of the communicat- 5 
ing pipe 235 is closed by the solenoid valve and the 
branch pipe side is opened, and thus the granulated 
resin materials 83 on the screen 151 is collected to the 
recovery tank 240 through the communicating pipe 235 
andthe branch pipe 237. 10 

In place of the three-way solenoid valve 238. regu- 
lar solenoid valves can be placed in the branch pipe 237 
and on the the downstream side of the communicating 
pipe 235 to open and close alternately 

The explanation above is for an emkxxjiment using is 
two separators, while the process can also be designed 
in the same way using a single separator. 

As an example. 6 kg of PE small pieces to be 
treated 82 is fed to separator 130 having the structure 
as mentioned above, and the mobile disk 1 41 is rotated 20 
at 1750 rpm with an A.C. frequency of 60 Hz. Then, the 
small pieces to be treated 82 were processed into gran- 
ulated resin materials 83 in a form of spherical granules 
of around 1 through 2 mm in diameter, polished, and 
granulated and size-regulated. Residual salad oil in this 25 
granulated and size-regulated PE resin material was no 
more than 0.1 percent by weight. 

When the containers used for dis and viscous flu- 
ids are processed, the rotating speed of the mobile disk 
1 41 shoukJ be decreased not to polish and size-regulate 30 
the PE resin excessively into a fine powder. The rotating 
speed of the mobile disk 141 should be kept as low as 
possible within a range that can keep the granule size of 
PE larger than the mesh of the screen 1 51 , since the oil 
and the viscous fluid are ejected outward faster than the 35 
small pieces to be treated 82 even with a decreased 
speed of the mobile disk 141 . 

As another waste containers to be objected, an 
embodiment for recovering PET resin materials from 
polyester (PET) waste bottles with some residual salad 40 
oil is explained according to FIG. 1. Explanation on the 
processes common to PE are omitted for simplification. 

Metal caps are removed from the waste tx)ttles. the 
residual product in the bottles was discarded; arxJ the 
waste bottles are subjected to sorting, crushing, shred- 45 
ding, and cleaning/separation/classification/granulation. 

Crushing process 

The sorted bottles are shredded or in a broader so 
sense crushed using the crusher 110 as shown in FIG. 
2 into pieces of. for embodiment. 15 mm X 50 mm 
(coarsely crushed pieces 81). 

Shredding process 5£ 

The coarsely crushed pieces 81 obtained by the 
above crushing process are further shredded smaller, if 
required, as shown in FIG. 5, using a cutter mill 120 as 



a shredding means into small pieces to be treated 82: 
long squares of 2 mm X 15 mm. squares of 10 mm X 10 
mm. or unspecified shapes of TO mm or smaller. 

Cleaning/Separation/Classification/Granulation 

Using separator 130 as shown in FIG*s 7 and 8, an 
impact-grinding force is applied to the coarsely crushed 
pieces 81 in the Crushing process or small pieces to be 
treated 82 (as required in the Shredding process) to 
separate and remove foreign objects; to crush, clean, 
and granulate thereof; and to polish, size-regulate, and 
collect the granules. Functions of each process is the 
same as explained atx>ve emtxxliment for treatment of 
PElxrttles. 

The separator 1 30 used in the present embodiment 
has a saeen 151 having mesh of 0.6 through 0.8 mm in 
diameter, conditions of the centrifuge were 900 through 
1200 rpm and around 10 through 12 minutes per batch; 
thus the coarsely crushed pieces 81 or small pieces to 
be treated 82 were crushed, granulated and size-regu- 
lated, and polished into granules of unspecified shapes 
having a size of around 1 through 3 mm. PET botHes 
were processed for a longer time with a lower rotation 
speed to separate the oily foreign object from the 
coarsely crushed pieces 81 or small pieces to be 
treated 82. PET bottles does not naturally form spheres 
as in the case of PE when an impact-grinding force is 
applied. The residual salad oil in the recycled PET resin 
was no more than 0. 1 percent by weight. 

In the enibodiments above. PE and PET bottles 
were taken up as major resin materials for tx>ttles. while 
other resin materials such as polycart)onate and 
poly(vinyl chloride) can also be recycled as granulated 
resin materials. 

Also in the embodiments above, salad oil was taken 
up as a residual foreign otsject. while other oils such as 
tem-pura oil and sesame oil can also be treated in the 
same way Foreign objects other than oils include vis- 
cous fluids such as Worcester sauce, dressing, and 
mirin; various products such as beverages, shampoo, 
detergents, eye lotion, vinegar, soy sauce, sake, and 
beer; and the waste containers for these products can 
more easily be recycled as granules the residual con- 
tents of which are separated and removed; the process 
can be more easily canried out than in the case of oily 
products which already have been proved to be separa- 
bie and removable from the waste containers. Further, 
other foreign objects such as mud, soil, sand, and dirt 
can also be easily separated and removed by the 
method of the present invention. 

Grinding and impact forces (especially the latter) 
combined with a centrifugal force push out the foreign 
objects in the following order: air. water, lower viscosity 
fluids, higher viscosity fluids, solid wastes such as mud 
and soil, oily foreign objects (highly viscous fluWs), and 
coarsely crushed pieces or small pieces to be treated. 
The difference in speed of pushing out easily cause the 
separation of the foreign objects. 
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FIG. 2 is a systematic illustration of a process for 
the waste bottles other than the object of FIG. 1 . How- 
ever. FIG. 2 t>ecomes FIG.1 with some unnecessary 
steps omitted: thus FIG. 2 can be a systematic illustra- 
tion of all the processes including FIG. 1 . In the mode of 
embodying the present invention, it is preferable to use 
an optimized conditions and an optimized combination 
of processes according to the types of residual content 
and resin. 

Referring to FIG. 2, the object waste container is a 
bottle with other accessories such as a cap. a screw 
portion, and a skirt, at least one of which is made of a 
resin material different from that of the main body: and 
also a bottle with a label; thus a PET bottle for a cartx>n- 
ated beverage is taken up as an example. 

This PET bottle has accessories such as a skirt, a 
screw portion to tighten the cap. and a label which are 
made of other types of resin such as PP and PE. 
Accofding to the present invention, this bottle can be 
processed without removing these accessories. The 
bottle is adhered or contaminated with the residual con- 
tent, mud, soil.sand. and dirt. 

A method to recycle resin materials such as PET, 
PR and PVC is explained below. 

As shown in FIG. 2, the metal cap is renK>ved from 
th tx)ttle consisting of a cap screw portion, the main 
body, and a label, and the residual content is discarded. 
Then, the bottle goes through a series of processes 
comprising sorting, crushing, window-force dassifk^a- 
tion, shredding, cleaning/drying, separation/dassifk^a- 
tlon/granulation: and/or specific-gravity selection; as 
well as dehydration as required. 

Sorting process 

This process is the same as in FIG. 1 . which was 
explained earlier. The bottles are sorted into those 
made of various types of resin material such as PET 
and PVC (only PET and PVC are described in FIG. 2, 
while the scope of this emtxxjiment is not confined to 
these resin materials only), transparent and colored box- 
ties, and txTtties with or without skirts. Colored bottles 
should preferably be further sorted into different colors. 

The screw portion and/or the skirt (the latter 
includes a part of the main body) can be cut off the main 
body of the bottle (hereinafter called a 1x>ttle main 
body" ) to be processed independently. 

Normally, various parts of PVC bottles, including 
the screw portion for the cap, are made of a single resin 
niaterial. Also, since the PVC bottles are not used for 
cart>onated beverages, they do not have skirts. Most 
bottles have screw portions. For an efficient processing, 
the bottles should t>e sorted into different types of resin 
materials first, then into transparent and colored. Fur- 
ther, in the case of PET bottles, they are only sorted into 
bottles with and without skirts. 



Crushing process 

The waste bottles are crushed or shredded by 
means of a crushing means 110 into coarsely crushed 

5 pieces 81 of 15 mm X 50 mm as shown in FIG. 3. 

The crushing means used is the crusher 1 10, which 
is the same as the ausher 110 in FIG. 3 which was 
used in the emt)Odiment associated with FIG. 1 . At this 
point, the coarsely crushed pieces 81 was black 

10 affected by the color of the foreign object. 

As shown in FIG, 4. the crushing means used had 
two crushers, upper and k)wer. Crusher 210a has a hor- 
izontal axis and crusher 21 Ob has an axis inclined by 45 
degrees, whrch greatly increases the processing capac- 

15 ity and minimizes the processing time. 

It is preferable to place a grinder 211 under the 
housing of crusher 110; i.e. the grinder 211 easily 
grinds the shredded waste container into coarsely 
aushed pieces 81. and facilitates to remove small 

20 stones and sand in the bottles. A net conveyor 212 hav- 
ing a band net inclined by approximately 45 degrees is 
placed under the grinder 21 1 to screen off small stones 
and sand contained in the coarsely crushed pieces 81. 
More preferably, a magnetic selector 213 is placed 

25 under the tip of the moving net conveyor 212 to sort 
metal caps and rusted iron pieces contained in the 
coarsely crushed pieces 81. Further, the coarsely 
crushed pieces 81 free of metal arxi iron rust passes 
through a rotary screen 21 5 to separate foreign matters 

30 such as minute stones, sand, and metal powders. 

Wind-force separation process 

This process is to separate printed labels from the 
35 coarsely crushed pieces . The crushed polystyrene 
labels printed on its surface, which had been wrapped 
around PET bottles, are sucked by a blower 33 
equipped with a cydone 31 . A sucking wind-force selec- 
tor 30 capatDle of treating 200 through 500 kg/h of resin 
40 materials is used to suck the printed labels crushed in 
the previous process to separate them from the 
coarsely crushed pieces 81 of the crushed main body of 
container(FIQ. 3). 

45 Shredding process 

The coarsely crushed pieces 81, composed of the 
crushed main body of bottles from which labels have 
been separated, are further shredded into small pieces 

50 to be treated 82, for example, long squares of 2 mm X 
15 mm; squares of 10 mm X 10 mm; or into unspecified 
shapes of a size not larger than 1 0 mm. At this point, the 
foreign object still remains on the surfaces of small 
pieces to be treated 82. 

55 The shredding means is to shred the coarsely 
aushed pieces 81 into small pieces to be treated82. 
and is called a ''cutter miir for convenience in the 
present embodiment. 
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FIG. 7 shows an embodiment of a cutter mill 120. 

The main body 121 of the cutter mill is a cylindrical 
casing having an opening on the top. The opening is 
covered with a lid 122. which can be freely opened and s 
closed. The lid 122 has an inlet port 123 to feed the 
coarsely aushed pieces 81 into the main body 121 of 
the cutter mill. 

Inside the main body 121 of the cutter mill, a cutter- 
supporter 124 is placed, which is supported on the box- 
torn of the main body 121 of the cutter mill and is rotated 
horizontally by means ot an unillustrated driving means: 
the cutter supporter 124 has three vertically long rotary 
blades 125 on its circumference; the three rotary blades 
125 are placed on the cutter supporter 124 so as to 
make the same angle. 120 degrees, against the rotating 
direction; and the tips of the three rotary t)lades 125 are 
positioned on the same rotating locus. Against the three 
rotary t)lades 125. two fixed blades 126 are placed on 
the interior wall of the main body of the cutter mill at a 
symmetrical positions of the loci of and a small clear* 
ance from the rotary blades 125. Further, the two fixed 
t)lades 126. the cutter-supporter 124. and the rotary 
t>lades 125 divide the main txxly of the cutter mill into 
two parts, forming the feeding chamber 127 and the 
shredding chamber 128. The inlet port 123 with the lid 
122 communicates with the feeding chamber 127. The 
clearance between the two fixed blades 126 and the 
rotary blades 125 can be adjusted freely to shred the 
object material into a specified size. The clearance used 
in this embodiment is 0.2 through 0.3 mm. The mesh 
screen 129 divides the shredding chamber 128 
between the two f ixed blades 126 and to surround the 
locus of the rotary Ijlades 125. The screen 129 is a 
mesh, through which the small pieces to be treated 82 
of approximately 10 mm can pass. There is provided a 
discharge port to discharge the small pieces to be 
treated 82 at the bottom of the main kxxJy 121 of the 
shredding chanrber 128. 

The coarsely crushed pieces 81. crushed kjy the 
crusher 1 10 in the crushing process of process 1 and 
having a size of approximately 1 5 mm X 50 mm are fed 
through the inlet port 123 with a lid 122 of the cutter mill 
120; the coarsely aushed pieces 81 is shredded 
between the rotary blades 125 on the cutter-supporter 
124 and the fixed blades 126 by rotating the cutter-sup- 
porter 124 by means of an unillustrated driving means; 
most of the shredded resin pieces go through the 
screen 129 to give small pieces to be treated 82 having 
shapes of long squares of approximately 2x15 mm, 
squares of approximately 10 x 10 mm. or unspecified 
shapes not larger than 10 mm in a side length; and the 
small pieces to be treated 82 go oui of the discharge 
port to t>e transferred to the next process. 

The shredding means is not corrfined to the cutter 
milt mentioned above; e.g.. ** Hard-crusher" manufac- 
tured by Horai. Ltd. can also be used wherein the rotary 
axis for the rotary blades 125 is horizontal, and the 
screen 129 t>etween the two fixed blades is at the t>ot- 



tom. At this point, the surface of the first-coarsely 
crushed pieces 81 are opaque and light-black with for- 
eign n\atters on the surface partly removed. 

Preferat)ly. before or after the Wind force separation 
process or the at)ove Shredding process, crushed 
pieces f resin materials may be dried in a known drier 
having a screen in order to classify or separating rain 
water, dew. mud. soil, sand, and dirt clung adhering 
thereto before the following Cleaning and drying proc- 
ess. 

Cleaning and drying process 

Foreign matters 84 such as mud. soil. sand, metals, 
pieces of glass, dirt are removed from the surfaces of 
the shredded small pieces to be treated 82 in the above 
shredding process, which are squares or of unspecified 
shapes of approximately 10 mm in a side length, by an 
inpact-grinding force; then the small pieces to be 
treated are cleaned and dried by the friction heat gener- 
ated by the impact-grinding force on the small pieces to 
be treated. The small pieces to be treated 82 are proc- 
essed at 800 through 900 rpm for approximately 5 min- 
utes. 

When the whole bottle is made of PVC irxsluding a 
screw portion, and when the bottle is made of PET with- 
out a skirt, the folk)wing separation, classification, and 
granulation processes can be carried out in succession 
for recovering PET or PVC. 

Separation/classif ication/granulation process 

These processes typically are to process a bottle 
after cutting off a skirt from the main body, or to process 
the main body of a tottle together with a skirt; i.e.. an 
impact-grinding force is applied to small pieces to be 
treated 82 to crush them into smaller pieces of unspec- 
ified shapes. 1 through 2 mm in a side length, after the 
deaning/drying process; PR constituting the skirt is 
separated from the small pieces to be treated 82. pol- 
ished, and granulated and size-regulated. At the same 
time. PET constituting the main body of a bottle is pul- 
verized and separated by applying an Impact-grinding 
force, the mixture is classified, and PP of the skirt is 
recycled as resin materials. 

PET is used for fillers such as an aggregate for con- 
struction works, and PP is used for various molded 
goods. The process is carried out at 1500 through 1800 
rpm and in approximately 3 through 4 minutes. 

The 2nd process mentioned above can be repeated 
as required. 

Cleaning/drying and separation/classification/gran- 
ulation are the processes which can be carried out in a 
single device. The small pieces to be treated 82 of the 
main body are cleaned, dried, crushed, polished, and 
granulated and size-regulated. PET is further crushed 
into a fine powder, and PP is separated from the main 
body, classified, and granulated and size-regulated. In 
this embodiment, separator 130 shown in FIQ's 7 and 8 
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was combined with the cleaning/drying means. The 
separator 130 was explained referring to the illustration 
associated with FIG. 1 ; accordingly, the explanation is 
simplified by limiting it to those required here. 

PVC bottles should preferably be sorted into each 
ones those having different colors; and then by a rota- 
tion of an unillustrated horizontal rotary axis 142 rotates 
the mobile disk 141, the small pieces to be treated 82 
are fed from the inlet port 132 to be crushed, polished, 
and granulated and size-regulated by the impact-grind- 
ing force generated between the fixed and the mobile 
pins at the center of the processing space 1 55. Thus the 
small pieces to be treated receive a centrifugal force 
together with the effects of polishing, granulating and 
impact-grinding force to approach the circumferential 
side. In the course of this process. PET from the main 
body of a bottle is crushed into pieces of unspecified 
shapes not larger than 1 mm; the foreign objects are 
removed from the discharge port 152. which will be 
explained later, by means of the first separator. A part of 
the crushed main body of bottles in the mixture passes 
through the screen 151 with a centrifugal force gener- 
ated by the mobile pins 144, classified in the discharge 
space 156. and are sucked and discharged into outside 
from the discharge port 152 through the t)lower 157. 

In the case of the main body of bottles with skirts, 
materials excluding foreign objects remain on the 
screen 151 as in the second separator, are taken out 
from the outlet port 153. and are fed to the second sep- 
arator. The second separator processes, polishes, and 
granulates the materials into spheres of approximatdy 
1 mm in diameter, or into rectangular or cylindrical 
shapes of approximately 2 through 5 mm in a side 
length, or into other shapes. In the course of this proc- 
ess, some resin materials in the small pieces to be 
treated 82 are partially pulverized into a fine powder of 
an unspecified shape. 

During processing by the second separator, the pol- 
ished and granulated resin material and a part of PR 
from the skirt remains on the screen 151. which are 
returned to the inlet port 132 together with the materials 
discharged from the outlet port 153. because the outlet 
port 153 arvJ the inlet port 132 t>eing communicated 
together through the opened plug valve 154. and then 
the crushed resin material of the main body is pulver- 
ized to pass the screen 151 and is discharged through 
the discharge port 152. f^ost part, however, of the gran- 
ulated resin material, which has not been sufficiently 
polished arxj granulated an6 size-regulated into fine 
granules, remains on the screen 151. 

Granules of PP as granulated resin materials are 
taken out through the outlet port 1 53 Awith the plug valve 
open. The same device as in the embodiment associ- 
ated with FIG. 1 is also applied to take out granulated 
PP resin in this embodiment. 

Colors of the recycled resin materials were affected 
by those of the respective parts of t)Ottles: i.e.. PP from 
the skirt had a color of the skirt, and PET from the main 
body of bottles had colors of the main body; or was 
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almost transparent, translucent and colorless, light- 
white, or was light-yellow in case transparent waste bot- 
tles are treated. 

As an example, experimental separators 130 hav- 

5 ing a structure mentioned earlier was used; 600 g of the 
small pieces to be treated 82 were fed to the first sepa- 
rator; the mobile disk 141 was rotated at 900 rpm; thus 
PET and some PP could be separated, and PP could be 
recovered from the second separator after a processing 

10 for 3 minutes at 1 800 rpm. 

Specific-gravity selection process 

This process is to obtain a higher-grade resin mate- 
rs rials. When the material of a saew portion of the txsttle 
(e.g.. PP or PE) is different from that of the main body, 
specific-gravity selection of the screw portion resin in 
water is inserted instead of or after separation, classifi- 
cation, and granulation process, which follow the proc- 
20 ess for cleaning/drying in the second separator. Thus 
the saew portion resin is separated, and the resin 
material of the main body only can be recycled. 

The mixture of resin materials after the clean- 
ing/drying process is put into water; then light-weight 
25 PP becomes afloat and heavier PET or PVC precipi- 
tates. A liquid-cyclone separates PP from the other 
material, and the main resin material is recovered 
through a dehydration process. 

The liquid-cyclone 10. as an example shown in FIG. 
30 1 0, feeds the material into the inlet port 1 9. where water 
(20 t/h) and a process fluid (150 kg/h) including resin 
materials after above process is pushed into the 
cyclone 10. The mixed fluid forms a whiri-stream flowing 
down along the wail of the upper cyclone 1 6. This wtiiri- 
35 stream collects large specific gravity PET or PVC at the 
circumferential wall, pushes it down, and transfer to the 
lower cyclone 17 through the opening 20. PET or PVC 
moved to the upper part of the circumferential wall are 
taken out through the discharge port 25. The small spe- 
40 dfic gravity PP is collected at the center by another 
stream generated by the whirl-stream, and is taken out 
through the discharge pipe 18. Fluids are taken out 
through the outlet port 24. and the precipitates are 
taken out through the outlet port 26. 
45 Explanations have been made for PET and PVC 
tKrttles only, while other granulated resin materials such 
as polyethylene and polycarbonate can be recovered in 
the same manner. 

The processes of this invention sometimes can be 
so reversed or omitted according to the conditions of the 
collected PET or PVC bottles including the extent of 
contamination, other than shredding and cleaning/dry- 
ing processes. 

The recycled granulated resin materia! of the 
55 present invention can be fed directly into an extruder to 
produce the products such as polyester fiber and poly- 
ester cotton or to produce pellets which are another 
form of resin materials. Also a virgin material of the 
same resin materials can be blended such as virgin 
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PVC and recovered granulated and size-regulated PVC. 
Further. A synthetic wood board can be produced from 
the pedets blended with a dried wood powder in a 
extruder. 

The present tnven^on is so constituted as explained 5 
above, and has the effects described below. 

By using a relatively simple and easy means, for- 
eign objects were separated and removed from the 
object waste containers by applying a impact*grinding 
force; i.e.. the resin nnaterial was efficiently and granu- 10 
lated and size-regulated into an appropriate range of 
grain size for reuse. Further, the resin materials consti- 
tuting the container for oily products, which are the most 
difficult substances to be processed for recovering, 
could be efficiently recovered, and granulated and size- is 
regulated into a required range of grain size for reuse, 
wherein combination of an inpact-grinding force and a 
centrifugal force was applied, the combination having a 
synergetic effect which further facilitated separation and 
removal of oily foreign objects from the waste contain- 20 
ers wNch was constituted with the same resin materi- 
als. 

For the reason mentioned above, a large quantity of 
water and a large scale of tacility, conventionally used 
for cleaning the waste containers, could be omitted; i.e.. 25 
the present invention contributes to saving cost and 
resources. 

In particular, the process of the present invention 
can eliminate the use of a cleaning chemical fluid to 
separate the foreign objects such as oily materials used 30 
with or without water, preventing the contamination of 
rivers with the cleaning drain and saving the cost for the 
facility and operation. 

Thus, the broadest claims that follow are not 
directed to a machine that is configured in a specific 35 

tect the heart or essence of this breakthrough invention. 
This invention is clearly new and useful. Moreover, if 
was not obvious to those of ordinary skill in the art at the 
time it was made, in view of the prior art when consid- 40 
ered as a whole. 

Moreover, in view of the revolutionary nature of this 
invention, it is clearly a pioneering invention. As such, 
the claims that follow are entitled to very broad interpre- 
tation so as to protect the heart of this invention, as a 45 
matter of law. 

It will thus be seen that the objects set forth above, 
and tho5?e made apparent from the fc>''f*ciotnn c^f«;c«'«p- 
tion. are efficiently attained and since certain changes 
may be made in the above construction without depart- so 
ing from the scope of the invention, it is intended that all 
matters contained in the foregoing description or shown 
in the accompanying drawings shall be interrupted as 
illustrative and not in a limiting sense. It is also to be 
understood that the following claims are intended to ss 
cover all of the generic and specific features of the 
invention herein described, and all statements of the 
scope of the invention which,a5 a matter of language, 
might be said to fall therebetween. 



20 

Now that the invention has been described; 
EXPLANATION OF REFERENCE NUMERAL 



81 Coarsely crushed pieces 

82 Small pieces to be treated 
63 granulated resin material 
84 Foreign object 

110 Crusher 

120 Cutter mill (Shredder) 

1 21 Main body of cutter mill 

122 Ud 

123 Inlet port 

1 24 Cutter supporter 

125 Rotary blade 

126 Rxed blade 

1 27 Feeding chamber 

1 28 Shredding chamber 

129 Screen 

130 Polishing.separating.classifying and 
granulating apparatus (Separator) 

131 Fixed disk 

132 Feeding inlet 

133 Fixed end plate 

1 34 Fixed pin 

151 Screen 

152 Discharge port 

153 Outlet port 

154 Plug-valve 

155 Processing space 

156 Discharge space 

157 Blower 

158 Blower 
210a. 210b Crusher 

211 Shredder (Cutter Mil!) 

213 Magnetic selector 
230a, 230b Separator 
23 1 a. 23 1 b Feeding pipe 

235 Communicating pipe 

236 Piping 

237 Branch pipe 

238 Three-way solenoid valve 

239 Discharge pipe 

240 recovery tank 
250 Collecting tank 



Cfafms 

1. A method for recovering and granulating resin 
materials by separating foreign objects from waste 
containers made of resin materials, comprising at 
least the steps of: 

the object is a waste container made of ther- 
moplastic resin nfiaterials with a printed plastic 
film wrapped around said container; 
by applying a wind-force to coarsely crushed 
pieces of said container to separate and 
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remove said film; 

by appl/ing an tmpact-grinding force on said 
coarsely crushed pieces of the main body of 
said container to separate said resin material 
from said foreign objects: s 
said resin material is granulated and recovered 
as a granulated resin material. 

2. A method for recovering and granulating resin 
materials from waste containers made of resin io 
materials according to daim i comprising at least 
the steps of: 

a process to shred said coarsely crushed 
pieces into small pieces to be treated, and 
a process to remove separated foreign objects 
from time to time. 

3. A method for recovering and granulating resin 
materials from waste containers made of resin 2o 
materials according to daim 1 comprising at least 
the steps of: 

a process to apply an impact force and a cen- 
trifugal force to said coarsely crushed pieces or 2S 
to said small pieces to be treated to separate 
said resin material from foreign objects: and 
a process to granulate resin materials and to 
recover said resin materials. 

30 

4. A method for recovering and granulating resin 
materials from waste containers made of resin 
materials according to daim 1 comprising at least 
the steps of: 

35 

said object is container made of therrrtoplastic 
resin materials coupled with a skirt under- 
neath; 

by applying an impact-grinding force to said 
shredded small pieces to be treated composed 4o 
of a main body and a skirt to separate foreign 
objects arxJ to clean and dry; 
further by applying said impact-grinding force 
to further pulverize for granulation said skirt to 
collect the resin material as recovered resin 45 
materials, and to separate and classify the 
granulated resin materials of said main body. 

5. A method for recovering and granulating resin 
materials from waste containers made of resin so 
materials according to daim 1 conprising at least 
the steps of: 



size-regulate, clean and dry said resin materi- 
als: 

the resin material of said flanged screw portion 
is separated by specific-gravity selection in a 
water, and 

the resin materials of said main body and said 
flanged screw portion are recovered separately 
as recovered resin material. 

6. A method for recovering and granulating resin 
materials from waste containers made of resin 
materials according to daim 1 comprising at least 
the steps of: 



15 before or after the wind force separation proc- 

ess or the atxsve shredding process, crushed 
pieces of resin materials may be dried before 
the deaning and drying process. 



said object is container made of thermoplastic 
resin materials coupled with a flanged screw ss 
portion; 

by applying an impact-grinding force on shred- 
ded pieces of said main body and screw por- 
tion to separate foreign objects, to granulate. 
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